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SECTION 1 - INTRODUCTION 
This volume describes the operat ion o f  s o l i d i f i c a t i o n  model 1 us ing the Prime 
400 computer system a t  MSFC. Model 1 ca lcu la tes  the macrosegregation i n  a 
rectangular ingot  o f  a b inary a l l o y  as a r e s u l t  o f  hor izonta l  axisymmetric 
b i d i r e c t i o n a l  s o l i d i f i c a t i o n .  The c a l c u l a t i o n  i s  r e s t r i c t e d  t o  steady-state 
s o l i d i f i c a t i o n ;  there i s  no v a r i a t i o n  i n  f i n a l  l oca l  average composition I n  
the d i r e c t i o n  o f  isotherm movement. A desc r ip t i on  o f  the physics o f  the model 
i s  i n  Volume 1 o f  t h i s  repor t .  
The s o l i d i f i c a t i o n  program al lows i n t e r a c t i v e  mod i f i ca t ion  o f  c a l c u l a t i o n  
parameters as we l l  as se lec t i on  o f  graphical and tabu lar  output. I n  batch 
mode, parameter values are input  i n  card image form and output consis ts  o f  
p r i n ted  tables o f  s o l i d i f i c a t i o n  funct ions. Both modes o f  operat ion are 
explained below, w i t h  the mechanical d e t a i l s  re la ted  t o  use o f  the computer 
system separated from the s p e c i f i c  d e t a i l s  o f  the model parameters. This 
manual documents only  the operat ion o f  the program; documentation o f  the 
FORTRAN program i s  i n  Volume I I  o f  t h i s  repor t .  The input  parameters i n  
Sections 5 and 6 and the output se lec t ions  i n  Section 7 are described i n  
terms o f  the symbol ism and terminology o f  Volume I. 
SECTION 2 - COMMUNICATING WITH THE PRIME 
In te rac t i ve  communication between the Prime 400 and the user i s  e f fec ted  by 
the Tektronix 4014 CRT (cathode-ray tube) terminal.  The P r  line d isp lays 
messages and graphical representat ions on the screen, and the user sends commands 
o r  data t o . t h e  Prime by typ ing  them on the Tektronix  4014 keyboard. The items 
below describe some less obvious aspects o f  operat ing the terminal as we1 1 as 
some conventions used i n  communicating w i t h  the system. 
2.1 ENTERING INFORMATION 
The Tektronix 4014 keyboard i s  s i m i l a r  t o  the keyboard o f  an e l e c t r i c  typewr i ter ,  
w i t h  three notable exceptions. The numeral one i s  d is t ingu ished from the lower 
case 1et:sr 'llll. The RETURN key operates as a send key: t o  t ransmit  data o r  
a conmand t o  the  Prime, type the t e x t  and then push RETURN. I n  a l l  examples 
shown i n  t h i s  manual the use o f  the  RETURN key i s  i ~ n p l i c i t .  There i s  no back- 
space capab i l i t y .  Typing e r r o r s  can be corrected, before pushing RETURN, by 
typ ing one " ( s h i f t  2) f o r  each character i n  e r ro r .  For example, 
1234"1156. would be sent as 1256 
2.2 NUMBERS 
The FORTRAN form o f  s c i e n t i f i c  no ta t i on  uses an E t o  separate the power o f  ten 
from the mantissa. Thus, 
.~001234 i s  w r i t t e n  1.234E-4 
A1 1 numerical input t o  the program i s  handled by a FORTRAN feature knows as 
" l i s t - d i r e c t e d  input". Although t h i s  i s  the l eas t  r e s t r i c t i v e  method ava i l ab le  
i n  the FORTRAN language, there are some 1 i m i t a t i o n s  the user should note. 
Embedded blanks i n  a number w i  1 1  cause undesirable resu l ts ,  f o r  example, 
12 34. would be i n te rp re ted  as 12., and 
1.234 E3 would be i n te rp re ted  as 1.234 
Furthermore, a n u l l  input  o r  an e n t i r e l y  blank input  w i l l  be ignored, and the 
program w i l l  wa i t  f o r  another user response. 
2.3 INTERRUPT KEY 
Under normal c i  rcurnstances the user wi 1 1 term1 nate operat i o n  o f  the program 
by se lec t i ng  the Q op t ion  wh i l e  i n  the output phase described I n  Sect ion 3.5. 
However, i t  i s  possib le t o  i n t e r r u p t  the execut ion o f  any user program a t  
any t ime by pushing the BREAK key once. The system w i l l  respond Immediately 
w i t h  the message "QUIT". The user should then send the command 
C ALL 
At  t h i s  p o i n t  the terminal i s  under cont ro l  o f  the Prime system monitor i n  
t h e  same s t a t e  as tha t  a f t e r  a' LOGIN. 
2.4 HARD COPY 
To ob ta in  a permanent copy o f  any d isp lay on the screen, push the "COPY" 
swi t ch  located a t  the upper r i g h t  corner o f  the Tektronix  console. A v e r t i c a l  
l i n e  w i l l  move across the screen from l e f t  t o  r i g h t .  Shor t l y  a f t e r  i t  passes 
o f f  the screen the copy w i l l  appear i n  the t r a y  o f  the adjacent hard copy un i t .  
2.5 BLANK DISPLAY 
I f  the in format ion on the screen i s  s t a t i c  f o r  longer than 90 seconds, the 
d i sp lay  w i l l  be blanked out.  This i s  a p ro tec t i ve  mechanism w i t h i n  the 
Tek t ron ix  terminal which prolongs the l i f e  o f  the CRT. To res tore  the display, 
push a SHIFT key. To c lea r  the screen a t  any time, push the PAGE key. 
2.6 SPEED OF RESPONSE 
The length o f  the delay between sending any comnand and g e t t i n g  back the 
r e s u l t  w i l l  vary from session t o  session depending on the t o t a l  number of  users 
on the Prime system and the types o f  programs they are running. 
. . 
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SECTION 3 - RUNNING THE HODEL IN INTERACTIVE MODE 
A t yp i ca l  i n te rac t i ve  session consists o f  logging i n  to the Prime 400 system, 
invoking execution o f  the so l  i d i  f l c a t  ion program, running one o r  more cases, 
and logging out. The mechanical d e t a i l s  o f  t h i s  process are described below. 
3.1 LOG- IN PROCEDURE 
To i n i t i a t e  any i n te rac t i ve  session the user must i d e n t i f y  h imsel f  t o  the 
Prime w i t h  a v a l i d  user "name". This i s  accomplished by sending the command 
LOG I N  MPS 
where "MPS" i s  the name under hh ich  the mater ia ls  processing programs are 
stored. The system responds w i t h  a message acknowledging the LOGIN, ard  i t  
i s  ready t o  accept a command a f t e r  i t  displays the rnessPge "OK,". 
A f t e r  logging in, the user i n i t i a t e s  execution o f  the program by enter ing  two 
commands. The f i r s t  i s  
CO MPSl 
The Prime w i  11 put  several messages on the screen, the l a s t  o f  which are 
The Prime i s  then ready f o r  the second command: 
SEG fMPSl 
The model i d e n t i f i c a t i o n  page w i l l  appear on the screen shor t l y  a f t e r  t h i s  
message i s  sent. 
3.3 INPUT PHASE 
For each case, the program passes through three phases o f  operation. The f i r s t  
a r 
i s  the input  phase during which the user def ines the case t o  be run by speci fy ing > !  
the case t i t l e ,  the binary a l l o y  and the  values o f  the model parameters. At 
each step the program c l e a r l y  spec i f ies  the type o f  information It requires. , 6 
. , 
1 .  
The code i s  able t o  t rap  and recover from input  e r rors ,  thus avoiding f a t a l  - .  " i 5 .  
FORTRAN 1/0 e r ro rs  which would necessitate r e s t a r t i n g  the program. The input  9 i 
4 
L .  
1 . 9 "  
1 Q.. 
+ .  
, ? 
the b u i l t - i n  d e f a u l t  case w i l l  appear i n  the model. I f  any parameter i s  
changed dur ing the input  phase, the new value w i l l  remain i n  e f f e c t  through 
subsequent cases i n  the same session o r  u n t i l  i t  i s  changed again. Copies 
o f  the input  phase d isp lays are shown i n  the examples section. Some 
operat ional notes f o r  each step o f  the input  phase fo l low.  
o The case t i t l e  i s  simply typed in ;  I f  none i s  desired, push RETURN. 
o The solvent and so lu te  are entered as (uppercase) chemical symbols w i t h  
no leading o r  embedded blanks. The program then checks the a l l o y  data 
\ 
base, and I f  the data f o r  the requested a l l o y  i s  found, i t  i s  displayed 
on the screen. If the a l l o y  i s  no t  i n  the data base, an e r r o r  message 
and a l i s t  o f  a l l o y s  i n  the data base are displayed, and the user i s  
allowed t o  se lec t  artother a l l oy .  Figure 3.1 shows the appearance o f  
the d isp lay i n  the e r r o r  s i t ua t i on .  
o The remaining parameters are grouped under several broad c l a s s i f i c a t i o n s ;  
each group i s  a separate d isp lay  page i n  the input  phase. When a parameter 
i s  changed, the d isp lay  i s  refreshed w i t h  the new value. The user can 
change any, a l l ,  o r  none o f  the parameters i n  a group before proceeding t o  
the next group. An example o f  the  er ror - t rapp ing  mechanism f o r  t h i s  type 
o f  input i s  shown i n  Figure 3.2. 
3.4 CALCUlAT I ON PHASE 
A f t e r  the l a s t  group o f  input  parameters i s  completed, the model enters the 
second stage o f  operat ion, the c a l c u l a t i o n  phase. During t h i s  phase, the 
program determines the numerical s o l u t i o n  t o  the equations descr ib ing the 
model subject t o  the condi t ions def ined by the input  parameters. There i s  no 
user i n te rac t i on  dur ing the ca lcu la t ion .  The message "ca lcu la t ion  i n  progress" 
i s  put  on the screen, and a f t e r  each i t e r a t l o n  on the nonl inear system (see 
Volume I) the maximum r e l a t i v e  change i n  g i s  displayed as an a i d  i n  moni tor ing L 
the progress o f  the solut ion.  When the c a l c u l a t i o n  i s  complete, the terminal 
be1 1 r ings and the operat ion  o f  the program enters the output phase. 
3.5 OUTPUT PHASE 
The three l eve l s  o f  operat ion dur ing the output  phase are i l l u s t r a t e d  i n  
Figure 3.3. At  the highest l eve l  the user can choose t o  d isp lay  graphical  
taataunuu t o  Loc r rC  Y 4.eOoC 0: -w IN D I t a  Bast. 
Dntn arsc IDfHTIFIER ZSI D L T ~  #ALE REVISED 4030080 1 The only AI-CU system i n  ~LLOVS I n  D m  In#  ARE LISTED ~ELOUI the data base used here @.OOOC-01 TO 3 . 3 0 6 ~  01 UT. UT. cu Is l i m i t e d  t o  a l l o y s  2 2 0.080E-01 70 3,8106 0 1  UT. W T *  ?B SM 3 1  @.OeOE-@l 10 Le@OOE 0 1  U t e  PCT* BI below 33% Cu. 
so:untr r L  
S O U n t I  CU UEICHt WPCENTI 4 . 0 Y  01 
ENTER I TO CHnnCE ALLOY OR C 10 PROCMD. 
The user decides t o  
process AI-15% Cu. 
Figure 3.1. Al loy  Select ion E r ro r  Display 
n~ 4.~00@ cu SOLIDIF Icnr Ion RODEL 1 1r140138 TuE, MV 13 1080 
DERMSlRATt PnRrrnETER INPUT ERROR RE CWEIV 
I f  the program cannot 
.recogn i ze the response, 
i t  w i l l  repeat i t s  request. 
ENTER I T E ~  NU~BEII TO CnnnCt, OR 
P TO PROCCED. 
a 
EKtCR COOLING RITE 
-.s 
~ r s a t  INPUT ERROR VALUE RUST L l €  IN RANGE @.@@br-@l TO Data range er ror .  As 
EMER CODLI w untt  
.S shown here, the cool ing 
r a t e  must be pos i t i ve .  
F i g u r e  3.3. Leve ls  o f  Operation During Output P h a s e  
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output, t o  d i sp lay  tabu lar  output, t o  te rminat t  execut ion o f  the program, o r  
t o  terminate the case by proceeding t o  the next case. 
o A t  the graphicai  output  leve l  the user i s  given a choice o f  funct ions t o  p l o t  
and types o f  p l o t  t o  use as shown i n  example 8.1.1. Immediately a f t e r  en t ry  
o f  the p l o t  type, the p l o t  w i l l  be generated on the screen*, When the cur: ,-la 
remains motionless a t  the upper l e f t  corner o f  the screen, the p l o t  i s  
complete. To leave the p l o t  d isp lay  and re turn  t o  p l o t  se lec t i on  rode, 
enter a P. 
o A t  the tabu lar  output  l e v e l  the d isp lay  commences immediately aftr:r user 
se lec t ion  o f  a funct ion.  Each t ime the screen i s  f i l l e d ,  the prcgram wai ts  
f o r  the user t o  en ter  a P before proceeding t o  the next d isp lay page o r  
t o  tho func t ion  se lec t i on  page. On a t yp i ca l  20 X 20 mesh a sca lar  func t ion  
such as g requires o n l y  one page wh i le  a vector func t ion  such as v e l o c i t y  L 
requires three pages. 
o Note tha t  i t  i s  poss ib le  t o  swi tch f r e e l y  between graphical  and tabu lar  
output a t  the h ighest  con t ro l  leve l .  
o A f te r  en te r i ng  a Q t o  terminate execut ion o r  an N t5 proceed t o  the next 
case, the user can r e t u r n  t o  output mode only  by re-running the case. 
3.6 LOG-OUT PROCEDURE 
It i s  possible t o  l o g  ou t  o f  the system only wh i le  the terminal  i~ under the 
cont ro l  -. i the Prime monitor, The user e x i t s  the s o l i d i f i c a t i o n  program and 
returns cont ro l  t o  the Prime monitor e i t h e r  by en te r i ng  a Q dur ing the highest 
leve l  o f  the output phase o r  by fo l low ing the i n t e r r u p t  procedure described 
i n  Section 2.3. To l o g  ou t  en ter  
* In the case of rnacrosegregatinn p r o f i l e s ,  the user i s  given the oppor tun i ty  
t o  overr ide tire computed scale w i t h  an input  scale. 
SECT ION 4 - RUNN lNG THE MODEL I N  BATCH MODE 
The term 88batch81 describes a program I n  which the user prescribes values f o r  
a1 1 input parameters before the execution begins, and output i s  avai lable 
t o  the user only a f t e r  execution i s  completed. Normally the user supplies 
the input i n  the form o f  a card deck and recetves the output as a pr in ted 
l i s t i ng .  The Prime 400 was designed primarly f o r  in teract ive  use, and fn  i t s  
current configurat ion i t  does not have an on- l ine card reader, so batch mode 
runs o f  the solidification model must be made from an in teract ive  terminal. 
Br ie f ly ,  the input parameters are speci f ied i n  a card deck format, the model 
i s  run, and when execution i s  complete the user can view the tabulated output 
e i ther  on the terminal screen o r  i n  pr in ted form. There i s  no graphical output 
from the batch mode o f  operation. 
4.1 MAKING A BATCH RUW 
The "batch" session begins w i t h  a log- in  and ends w i th  a log-out as described 
i n  Sections 3.1 and 3.6. Af ter  log-in, the user sets up an lnput f l l e  as 
described i n  Section 4.2. Execution o f  the model i s  invoked w i th  the comnand 
CO MPSI.BATCH 
Execution i s  complete when the message OK, appears on the screen. 
4.2 INPUT FILE 
lnput f o r  the batch model must be set up i n  a facsimi le o f  a card deck as a 
f i l e  I n  the computer mass storage. This i s  accomplished by using the tex t  
ed i to r  t o  create the lnput f l l e .  The tex t  ed i to r  i s  thoroughly described I n  
the Prime Corporation document "Prime Edi tor  and Runoff", FDR3104. The input 
f i l e  must be stored under the name CARDS. I n  the input deck each data i t .?m 
occurs on a separate card, l e f t  j u s t i f i e d  w i t h  no embedded blanks. Number 
" I 
, . 
formats are discussed i n  Section 2.2. The f i r s t  card of the data deck must 
contain the word "BATCH1' s t a r t i ng  i n  column 1, subsequent data items are the 
case name and the parameters described i n  Sections 5.2 through 5.4, i n  the 
order given there. I f  several cases are stacked i n  one run, the case name 
card f o r  case M f o l l ~ w s  immediately a f te r  the las t  parameter card o f  case M-1. 
A sample deck i s  shown i n  Section 8.2.1. The lnput parameters are defined 
1 -  
I i n  Section 5. 
4 .  
4 .3  V l EWl NG BATCH OUTPUT 
The information i n  the batch output i s  described i n  Section 7.2 and i l l u s t r a t e d  
i n  example 8.2.2. When execution o f  a batch run i s  complt .e, the output  i s  i n  
the mass storage f i l e  named PRINT, Tlte user can view the output by us ing the 
t e x t  e d i t o r  t o  d isp lay  PRINT on the terminal screen, o r  he can make a p r i n t e d  
copy by en ter ing  the command 
SPOOL PRl NT -FTN 
It i s  a good pract ice t o  de le te  the PRINT i . l e  from mass storage when i t  i s  
no longer o f  use: 
DELETE PRINT 
Any batch mode run w i l l  destroy a PhlNT f i l e  l e f t  over from an e a r l i e r  run. 
CASE INPUT 
SOLXDlCICATlON PROCESS P M I M T E R S  
1 WSW ZOki UXDtW 5.88BE @@ (el l )  
a RUSHY ZONE HEIGMT t . e e a ~ e 1  (cm) 
ttrrr INPUT ERROR, u a i u E  nust LIE IN RMCE e.sae~-el  TO 1 . m ~  37
COOLIhG R h t f  -3.969E-@I (DL6 CJSEC) Z w a u I r A t r o m L  FORCE 1 .eee~ee  ( 0 8  
MHERICAL MTHODS CONTROL PARAnEXRS 
1 NURBER Or HORIZONTAL RESH POINTS 2. 
L NJRBtR OF VERTICnL WSl  POINTS a 
3 IIPX16US NUEBER OF PRESSURE ITERATIONS See 
4 PEESSURE CONVEESECCE CRITERIGW 1 .e)BE-BS 
S MY WNSER OF SI~~~DV-STATE 1tERnTfonS 40 
C !jlEADY-STATE CONVERCEME CRITERION 1.800E-e4 
tntt SCRN OF INPUT FOR THIS CASE COHPLETE. 
CRSE PBORTED W E  TO ERRORS NOTED ABOVE. 
Figure 4.1. Batch Kode Input E r ro r  Detect ion 
Note: The e r r o r  message i s  always p r i n t e d  immediately above the 
parameter i n  question. A1 1 input cards are scanned f o r  
e r ro rs  before the run i s  terminated. 
dRIGmAL PAGE IS 
08' POOR QUALITY 
SECTION 5 - INPUT PARAMETERS 
Described below are the parameters which d e f i n e  a p a r t i c u l a r  case o f  ho r i zon ta l  
b i d i r e c t i o n a l  s teady-s ta te  s o l i d i f i c a t i o n  i n  a  cas t ing .  The same se t  o f  
parameters i s  used i n  bo th  i n t e r a c t i v e  and ba t ch  modes. The d e f a u l t  case i s  
the  case t h a t  i s  b u i l t - i n  t o  the i n t e r a c t i v e  1/0 c o n t r o l l e r :  the parameters 
take on t h e i r  d e f a u l t  values each t ime i n t e r a c t i v e  execu t ion  i s  i n i t i a t e d .  
There i s  no d e f a u l t  case f o r  a batch run: a l l  parameters must be s p e c i f i e d  
f o r  each case. The format f o r  the batch i npu t  cards i s  g iven  i n  sect lo^ 4. 
I n t e r a c t i v e  parameter s e l e c t i o n  and m o d i f i c a t i o n  i- descr ibed i n  Sect ion 3.3. 
5.1 PARAMETER RANGES 
The 1 i m i  t s  noted below f o r  most parameters a re  used i n  the niodel o n l y  as a  
me thodo f  v a l i d a t i n g  inpu t .  The ranges a re  a r e s u l t  o f  properties Inherent  
i n  the d e f i n i t i o n  o f  t he  model, f o r  example L >  0, o r  o f  p r a c t i c a l  l i m i t a t i o n s  
o f  :he nuii ierical techniques, f o r  example Ni Z_ 10. Examples o f  range e r r o r  
s i t u ~ t i o n s  f o r  i n t e r a c t i v e  and batch modes a re  shown i n  Figure; 3.2 and 4.1, 
respec t i ve ly .  Not a l l  cases t h a t  pass the  range v e r i f i c a t i o n  w i l l  produce 
a v a l i d  macroscgrcgat ion p r o f i l e .  Because the [nodel i s  a  systerr: o f  coupled 
non l inear  p a r t i a l  d i f f e r e n t i a l  equat ions,  t h e r e  i s  no a p r i o r i  method o f  
deterni in ing t he  ac tua l  parameter ranges i n  which s o l u t i o n s  e x i s t .  I f  a 
s o l u t i o n  does no t  e x i s t  f o r  a g i vsn  se t  o f  parameters, i t  i s  probable  t h a t  
the parai:leter values descr ibe a  s i t u a t i o n  t h a t  i s  i n  v i o l a t i o n  o f  one o f  the 
phys ica l  assumptions descr ibed i n  Volune I. One such s i t u a t i o n  occurs  when 
Y/E: i s  s u f f i c i e n t l y  large,  and i t  has been r e l a t e d  t o  the ph~nomcnon c a l l e d  
f r e c k l i n g .  The Frogran de tec t s  f r e c k l i n g  and terminates thc  c a l c u l a t i o n  as 
shown i n  F igure 5.1. I n  o t h e r  s i t u a t i o n s  i f  a  s o l u t i o n  does no t  e x i s t ,  the 
i t e r a t i o n  on the s teady-s ta te  s o l u t i o n  w i l l  no t  converge. 
5.2 ALLOY SPECIFICATION 
The b i na ry  a l l o y  i s  s p e c i f i e d  by chemical symbols denot ing the so lven t  and 
so lu te ,  and a weight per-cent o f  so l u te .  Acceptable values f o r  these parariieters 
depend upon the  contents  o f  the a1 lo )  data  base dcsct- ibed i n  Sec t ion  6 o f  
t h i s  ~r:,-lnual. Dat a  dc3c r i b i n5  the a1 l oy  ph;l\e di;\yram, the , ' c n s i  t y  1,~~havior and 
the  1 i q u i d  v i s c o s i t y  '3re au to~ i i c l t i ca l l y  I - C J ~  from the a1 l oy  data b ~ s e .  The 
d c f a s l t  a l l o y  i s  A1-4.52C.u. 
CILCUUTIO~ I n  rclooncss roll CASE 
a1 4.5000 CU SOLlDlFlClrTlON R3ML 1 14143144 TUC. HAV 13 1080 
D C ~ C f R A t f  FRECXLI DfTECtlON (DEFAULT CMSL UfTN Z e I C M R h )  
a a a r t  CALCULATION MBORTED - fLOU INST(rB1LIW LEaDINC TO FRECKLf FORMTION DETECTED. 
I l E R l T l O l  I. ( 82 PRESSURE CVCLICS). CONUERCEwCE YEST 1.807E O@ 
Entcn 7 t o  DISPLAV TABULAR Data, 
0 t 0  D l S P t W  CRhPY. 
a TO t f a n I k n T r  RUN. OI 
N TO PROCEED TO NEXT CASE. 
Figure 5.1. Denvnst ra t ion o f  F reck l e  Detect i o n  
The c a l c u l a t i o n  was stopped a f t e r  the f i  r s t  i t e r a t i o n  
on g because the PI-ograi. detected l o c a l i z e d  re ine l t i ng  
which i n d i c a ~ e s  f r e c k l e  fcrmat io* .  Al though the  program 
l o g i c  a l lows  d i sp l ay  o f  the  i r l fo r inat ion computed i n  the  
f i r s t  i t e r a t i o n ,  the  macrosegregatlon p r o f i l e  i s  - not  
v ~ l i d .  I f  the c a l c u l a t i o n  had been a l lowed t o  cont inue,  
i t  ~vou ld  no t  have converged t o  a st12ady-state so l u t i on .  
5.3 SOLIDIFICATION PROCESS PARAMETERS 
The parameters i n  t h i s  group descr ibe  the  cond i t i ons  under which the c a s t i n g  i s  
made i n c l u d i n g  the mold geometry, t he  thermal cond i t i ons ,  and the  s t r e n g t h  o f  
the g rav i  t a t  lonal force. 
Para rx te r  Desc r i p t i on  
---- - 
(~yrnbo 1 ) Defaul t -- L i m i t s  
Mushy zone w i d t h  (xE-xL) 5 cm x - x  >O E L 
Mushy zone h e i g h ~  (L) 19 cm L> 0 
Cool ing r a t e  (- o r  - )  .336 O ~ l s e c  E>O 
G r a v i t a t i o n a l  f o r ce  i n  (9) 1 G 920 
-y  d i r e c t i o n  
5.4 PERMEAel L ITY MODEL PARAMETERS 
The pe rmeab i l i t y  model, which represents  f l o w  through a bundle o f  c ~ p i l l a r y  
tubes, i s  g iven by lisTg2 independent o f  o r i e n t a t i o n .  The o n l y  i n p u t  parameter 
L 
i s  y w i t h  a d e f a u l t  va lue )-'6 X cm2 and the  r e s t r i c t i o n  y,O. 
5.5 NUMER l CAL METHODS CONTROL PARAMETERS 
I n  the  vast  m a j o r i t y  o f  cases the parameters i n  t h i s  group should  no t  be 
changed from t h e i r  d e f a u l t  values, however opera to r  c o n t r o l  o f  these parameters 
could be use fu l  i n  t roub le -shoo t ing .  The parameters a re  f u l l y  exp la ined  i n  
the d iscuss ion  o f  numerical  r i r thods i n  Volume I o f  t h i s  r epo r t .  
Parameter Dcscr ip t  i o n  
---- -
(Symbol ) 
----. - ----- Dcfaul  t Limi t s  -- 
Number o f  h o r i z o n t a l  (Ni 20 lENi:SO 
mesh p o i n t s  
Number o f  v e r t i c a l  (Nj 1 20 10cN. <SO 
mesh p o i n t s  - J'  
Maximum number o f  ("sor) 500 M >O sor  pressure i t e r a t  ions 
Pressure convs.r-gcnce 
c r i t e r i o n  
haximum nuriiber o f  steady ('ss i ) 4 o 
s t a t e  i t e r a t i o n s  Mss i'O 
Steady s t a t c  convcrgcnce 
c r i  t c r i o n  (€ss i ) 
SECTION 6 - ALLOY DATA BASE 
f h e  a l l o y  data base conta ins a l l o y  p r o p e r t i e s  used by the s o l i d i f i c a t i o n  model. 
The use o f  a separate da ta  base au toma t i ca l l y  accessed by the model f rees  the  
user from i n p u t t i n g  r e l a t i v e l y  s t a t i c  a l l o y  data w i t h  each change i n  mold 
co tents, y e t  i t  a l lows complete f l e x i b i l i t y  i n  the range o f  a l l o y s  which can 
:)c processed. The phase diagram, dens i t y  data and v i s c o s i t y  data f o r  each 
1 nary system are  inc luded as w e l l  as a re ference b lock  a l l ow ing  not at lo,^ o f  
data sources. 
6.1 USING THE DATA BASE MANAGER 
TI.! data base e x i s t s  on a d i s k  f i l e  named M1.D.B. descr ibed i n  Sect ion 6.2. 
Tt,: user who wants t o  mod i fy  o r  extend the data base has the  choice o f  us i ng  
. the Prime t e x t  e d i t o r  descr ibed i n  the Prime Corporat ion document "Prime E d i t o r  
and Runoff", FD~3104, o r  o f  us i ng  the a l l o y  data base manager descr ibed here. 
The data base i s  i n  card image form so t h a t  on a computer system w i t h  a card  
reader i t  could be mainta ined as a card  deck. 
The data base manager i s  an i n t e r a c t i v e  program t h a t  c o n t r o l s  m o d i f i c a t i o n  and 
extension of  the a1 l o y  da ta  base. I t  q ives the user the o p t i o n  o f  keeping a 
copy o f  the o r i g i n a l  data base f i l e ,  bu t  cont inued bookkeeping f o r  and 
maintenance o f  such f i l e s  a r e  the responsib i  1 i t y  o f  the user. The manager 
always assumes the f i l e  named Ml.D.B., i f  i t  e x i s t s ,  i s  the o l d  data base, and 
i t  s to res  the new data base under the same name. Execut ion o f  the manager 
program i s  i n i t i a t e d  w i t h  the  conunands 
C ALL 
SEG ;MPSI.DEMGR 
The use o f  the , ariager t o  modify and extend a data base i s  shown i n  F igures 
6.1 t.hrou!~l, i . 2 .  Operat ion i s  very  s i m i l a r  t o  opera t ion  o f  the i n t e r a c t i v e  
s o l i d i f i c a t i o n  model i n  t h e  i npu t  phase. 
h . ~  DATA BASE STRUCTURE AND FORMAT 
The d;~ta base bas the f o l  lording card- image s t ruc tu re :  
CARD F 0 RMAT CONTENTS 
Data base i d e n t i f i e s  
Solvent ,  so lu te ,  minimum C 
maximum C L ' L 
5 cards f o r  n o t a t i o n  o f  
data  sources 
Cards 2 through 10 a r e  repeated f o r  each a l l o y  system. 
DO vw u a r r t  t o  SM a COPY oc T ~ E  OLD EnTr  ansc cv OR (o 
)1 
OLD D a l e  BnSE IDEmIF IE I )  Ill 
~ n ~ n  ma% REUISED i z / s / ~ s  
ENTER NfU DATh B a s t  IEENTIFIER (UP TO 8 )  CHCIRACTERS) 
......... 0.........(.........1.........0.........@.........1.........0.........0 
TMIS UERSIOt4 CLWSENT THROUGH 5 / 3 9 / 8 1  
i SOLUTEI cu 
3 ILLOV REFERENCE8 PHRSE DIRCRAH - R.C. FLEntNCS AhD t. NEREO, RET ?RaNS, UOL 231. 1D67. P $440. 
DENSITIES - R. nEhRaB1AN. I!. KEAIIE LlND f4.C. FLEnINCS, TRnNS TnS-RInE, 
W L  1, 1078, P 12e9. 
VISCO~I~V - R. ~EHRI)BIAN, n. KEnnE ~IHD n.c. FLEflINCS. TRarcs tns-a~nt, 
W L  1, 1D70. P lZB9.  
............................ 4 n1~1nm CL cut PCT) o .eeaea~-e i  
I n a x x n u n  CL CUT PCT) ............................ 3 . 3 e a e e ~  81 
...... I TEWERaTURE-C04'IPOSIt10N SLOPE (DEC C/PCt)  -2.BBWeE-01 
.................... 7 EOUILIBRIW PARTITION RATIO ~ . ? z e e e ~ - o i  
I EUTECTIC COWOSITION (UT PCT) .................. 3 . 3 e e a e ~  0 1  
9 EUTECTIC TERPERaTURE (DEC C )  ................... S.48OaBE 8 2  
....... 1@ CDr?OSITION-DENSITY SLOPE (Cfl/CntX3l/PCT Z.67800E-02 
......... 11 PRIRRRY P ~ A K  MLID DE~SITV ( c n f c n t t 3 )  z . 6 t a a e ~  0 0  
............. l a  EUTECTIC LIOUID DENS IT^ t ~ r r / c n r r 3 1  3 . a t e a e ~  eo 
.............. 13 EUTECTIC SOLID DENSIW ( ~ n / c n r t 3 )  3 . r e e e e ~  80 
1 4  UISCOSX~Y ( C ~ / ( C R ~ S E C ) )  ........................ ~ . ~ e e e e ~ - e z  
WTER C TO CWV THIS D(IT6 SET 6 5  I T  STANDS INTO THE NEU DATA BASE, 
o TO onIt  THIS DATA SET  FRO^ THE NEU DATA ansE. OR 
* A  
I T a  WRBER TO CHfiNGE. 
1 SOLUTE1 CU 
3 ALLOY REFECENCEt PHPSE DICICRRR - M.C. F lEn fNGS AND C. NEREO. RET TRA.iS, UOL 23s. 1967. P 1449. 
D E r n I T I E s  - R. nEHRaBrAn, n. rEnnE PND R . C .  FLE~~INCS. Taans t n s - n x n ~ .  
UOL 1, 197B. P 1289. 
UISCOSItY - R. REhRnBIlN, R. KEANE FVrD R.C. FLERINGS. TRn%S TnS-&IM. 
UOL 1 .  IP-. P 1289. 
- - -  -. - -  - -  - 
............................ n I r t I n u n  CL cut PCT) 
Aaxxnun CL (ur PCT) ............................ 
TEtlPEFqnRE-CCr,PCSITION SLOPE (DEC C/PCT) ...... 
.................... EOUILIBRiLYI Pfir?TITION RATIO 
.................. EUTECTIC c o n P c s I T r o n  IUT PCT) 
................... N T E C T I C  TEflPERATURE [DEC C) 
CORPCSITION-DENSITY SLOPE tC f l /C3 l I3 ) /PCT ....... 
......... PRIWRV PWISE SOLID DENSITV (cn/cnrrj) 
............. EUTECTIC LIQUID CEnsxrY c c m c n x t 3 )  
.............. EUTECTIC SOLID DE~SITY r c n / c n r r 3 )  
........................ VISCOSITY (GPl/(U.tSEC)) 
EWER c TO COW THIS DRTA SET AS x t  STANDS INTO THE MEU D ~ T A  ens€. 
0 TO On11 THIS DRTA SET FROR THE NEU DATR BASE, OR I n n  N U ~ B E R  TO CMNSL. 
C 
Figure  6.1. Use o f  the  A1 l oy  Data Base Manager t o  
Modify an E x i s t i n g  Data Set 
ENTER ttnnc or SOLUENT (UP TO 4 CwARAC'iERS) O(I 
0 TO TERnXWATE DaTn SET SPECIF IC~~XO~ 
sn 
ENTER NAnE O r  SOLUTC (UP TO 4 CHRQnCtERSJ 
0. 
......... O . . . . . . . . . 0 . , . . . . . . . @ . . . . . . . d . . . . . . . . . 8 . . ~ . 8 . . . m @ . . n . ~ . . . - W . . . . . - . ~ - W  
CHASE D x a c R M  - n E T a t s  nnNortoof,  a-UOL 8 ,  asn, 1973, ~ 3 3 ~ .  
DENSITILS - S.fOU, D.I).POlRfER. fl.C.FUnIkCS. PROCCEDINCS OF TMt  ELECTRIC 
r w n n c ~  CONFERENCE. IRW W D  STLEL S o c r E t v  oc nrnE, 1077. 
UlSCtIST'fTV - S.KOU. D.R.PO1RIER. II.C.FLERlNCS. PR3CEEDIkCS OF THE ELECTRIC 
ENTER RIhInLlf !  CL (UTPC'I)  ........................ 
*..a 
ENTER EUTECTIC TEn?ERATURE ( M C  C )  ............... 
8.1 
.......... ENTER EUTECTIC M L X D  DENSITV (CWCs l t13 )  
8.59 
ENTER UISCCSITV (Gl l / (CnrSEC)) .................... 
2.x-2 . 
ENTER c TO COW THIS DATA SET AS IT STANDS INTO THE NEU Cntn EM. 
0 TO ORIT tH1S  DATA SET FROn THE REV D A T l  BRSE, OR 
ITER nun rER TO cna r r c f .  
C 
ERTER N A N  OF SOLWENT (UP TO 4 CHb9ACTERS). OR 
o t o  T ~ R ~ I N A T E  wta SET SPECIFICRTION 
a 
or. 
Figure  6.2. Use o f  the A l l oy  Data Base Manager t o  
Add New Binary System t o  the Data Base 
SECTION 7 - OUTPUT 
7.1 INTERACTIVE MODE OUTPUT 
The graphical and tabu lar  output  conta ins enough labe l i ng  t o  make i t  s e l f -  
explanatory, however a discussion o f  some terminology and no ta t i on  may be 
useful .  A l l  output i s  labeled w i t h  the user-defined case t i t l e  as we l l  as a 
t i t l e  l i n e  conta in ing the a l l o y  and the date and time o f  the run. Ve r t i ca l  
va r i a t i on  through the mushy zone i s  always shown as a func t ion  o f  the 
normalized va r iab le  y/L, where y i s  the distance from the bottom o f  the ingot  
and L i s  the ingot  height.  Hor izonta l  v a r i a t i o n  across tho SIL zone i s  shown 
as a funct ion o f  (x-x ) / ( x  - x  ) where x i s  distance from the c h i l l  face, xL E L E  
i s  distance t o  the l iqu idus  isotherm, and x i s  distance t o  the e u t e c t i c  f ron t .  E 
7.1.1 Graphical Output 
The p l o t  se lec t ion  page shown i n  example 8.1.1 al lows the user t o  choose both 
the funct ion t o  p l o t  and type o f  p l o t .  I n  terms o f  the no ta t i on  used i n  
Volume I, the funct ions are  def ined as fol lows: 
1. F inal  loca l  average composit ion 
2. Ve loc i ty  
3. Pressure: P-PO 
4. Pressure-bul k hyd ros ta t i c  P 
5. Fract ion l i q u i d  
6. Mass flow 
7. Solute f low 
The v e r t i c a l  p r o f i l e s  are p l o t s  o f  v a r i a t i o n  o f  a func t ion  w i t h  v e r t i c a l  
distance through the mushy zone. I f  the funct ion a lso  depends on ho r i zon ta l  
pos i t i on  i n  the mushy zone, f i v e  v e r t i c a l  p r o f i  les are shown f o r  (x-x ) / (xL-xE) E 
=O,. l , . , . , l .  S im i l a r l y ,  the hor izonta l  p r o f i l e  p l o t s  show v a r i a t i o n  o f  the 
funct ion w i th  ho r i zon ta l  d is tance through the mushy zone a t  f i x e d  values o f  
y/L. The vector f i e l d  p l o t  shows the magnitude and d i r e c t i o n  o f  a two- 
dimensional vector  a t  each mesh p o i n t  i n  the mushy zone. The scale r e l a t i n g  
vector length t o  actual  magnitude i s  shown i n  the lower l e f t  corner o f  the 
p lo t .  A l l  p l o t s  conta in a parameter block i d e n t i f y i n g  the values o f  the 
s o l i d i f i c a t i o n  process parameters and permeabi l i ty  model parameters used t o  
generate the funct ions. 
7.1.2 Tabular Output 
3 
As shown i n  example 8.1.1, the tabu lar  output se lec t i on  includes a1 1 the 1 - 
$ 
funct ions i n  the graphical output  se lec t i on  p lus temperature, 1 i q u i d  composi t i o n  ? i t 
. , 
and l i q u i d  density,  T, CL, and P respecrively.  Items 9 and 10 are included L 
for d iagnost ic  purposes; the "pressure equation coe f f i c i en ts "  a re  and B, and 
"-local sol  i d i f i c a t i o n  rate"  i s  
3, a s  
- =  - -
at at  
, 
7.2 BATCH MODE OUTPUT 
The p r i n ted  output from a batch run consis ts  o f  d isp lays l i k e  those o f  the 
i n t e r a c t i v e  model shcwing the a1 loy data base in format ion used, the input  
parameter values, and tables o f  T, CL, 4, gL, p-po, q, and rs. In  batch 
mode, the program does riot generate graphical output. Example 8.2.2 shows 
the batch mode output. 
- -.. , - 
SECTION 8 - SAMPLE CASES 
8.1 INTERACT I V E  MODE 
The cases i n  t h i s  subsect ion are zxamples o f  inpu t  s p e c i f i c a t i o n  and o f  g raph ica l  
and tabu la r  output  f o r  i n t e r a c t i v e  m ~ d e  runs. 
EXAMPLE 8.1.1 Defau l t  Aluminum - 4.5% Copper Case 
This  case i s  the one t h a t  the i n t e r a c t i v e  model w i l l  run i f  no run-t ime changes 
are made t o  the parameter values. A l l  i n ~ u t  phase i n t e r a c t i o n  w i t h  the model 
i s  shown. The output  phase s e l e c t i o n  o f  p l o t s  o r  t abu la r  d isp lays  i s  shown 
f o r  the f i r s t  p l o t  and f i r s t  t a b l e  only.  
110DEL 1 
2 UNIDIRECTIONfiL SOLIDIF lChTIOM OC n BIb4R'f hLf.0V 
I STLPDV s t n t E  SOLUTION 
s CWIR ISOTHER~S n t c t a u c u L a R  nusm ZOM 
8 TEWEPATURE FIEL~ IhPUT 
8 NO COnu(CTION IN BULK L t W I D  
8 ISOTROPIC PERREABILITY It- CANAISLlta 
ENTER CASE T I T L E  (UP 10 8 0  CHARACTERS) 
................................................................................ 
EXWSLE 8.1.1 - DEFnULt  d L  - 4.2; PCT CU CA% 
SOLVENT: A!. 
SOLUTE8 CU UEICwT PERCENT1 4.508C 80 
ENTER 1 TO CHA3CE hLLOV 01) ? TO PQOCEEJ. 
? 
ALLOY DATA BASE - DdTA BASE REVISED 4 /36 /80  
SOURCE O f  IhFORPirTIOn FOR I L  -CU 0.80BE-61 TO 3.3BBE 0 1  Ute  PCT. CU 
PHRSE DIhCRAR - R.C. FLERINCS WiD G. NEREO. M T  TRANS, UOL 239. 1967. P 1449. 
DENSITICS - R. nfwmxan, n. r r n n E  mD n.c. FLEn Incs .  TRnns T~S-@IN. 
UOL 1 197) P 1299. 
V ISCOSIW - R. ~ h A ~ t d .  R. U A N E  hND n.C. F L E n I M S .  TRANS 13s-AIRED 
UOL 1. 1978. ? 1909. 
PWSE DIRCRCln 
~ ~ P L ~ ~ ~ ~ ~ ~ R C - C O ~ P O S I ~ ~ O ~  SLWE 
EaUIL IBRIU f l  PARTITION R a t 1 0  
EUtECTIC CDnPOSITION 
EUfECTlC TEfiPERATURE 
DENSITIES 
COn?oSlTIoN-DENSITV SLOPE 
SOLID DENSXTV 
L IOU lD  EUTECTIC DENSITY 
SOLID EUTECTIC DENSITY 
-2 .880E-81 PCT SOLUTE DEC C 
1.728E-61 
3.3B0E Q l  PCT SOLUTE 
5.480E &! DEC C 
ENTER ? TO PROCEED 
C 
I1 4.590e CU SOLID1F lCnTIOI (  RODEL 1 0 8 1 2 8 1 e 3  YED, JWI ( 4  l S I e  
E X A W L E  8.1.1 - DEFMILT 1 L  - 4.5 PC7 CU C l S L  
SOLlD1F lChTfOb(  PROCCSS PLRfiRETERS 
1 RUSWV I O N  UIDTW S . @ 6 0 € 6 @  (CR) 
a ~ U S W V  ZOM HEIC~T t . e e e c e i  (CRI 
3 COOLING R11E 3.96@E-@1 (DCQ C J S E t )  
4 C l l A V I T A t l O N l L  FORCE l.@BQE @ 6  (0)  
ENTER I T E R  W 3 B E R  TO CHANCE, OR 
? TO PROCEED. 
? 
If 4.SdOe W S O L I D I F I C A T I O N  W C E L  1 4 8 1 2 8 1 8 3  UED, JUN 8 4  1 9 8 9  
t X A r P L E  1.1.1 - D E F h U l T  I L  - 4.5 PCT CU CPSE 
E ~ T E R  stEn NWBER TO cnnw.  OR 
? TO PROCEED. 
? 
If 4.586@ CU S O L I D I F I C h T I O N  RODEL 1 98:28:@3 UED, JUN 8 4  :98@ 
EXAnPLE 8.1.1 - DEFPULT I1 - 4.5 P C 1  CU C I S €  
W R E R I C I L  rETHC5S COhTROf PfiPA8ETERS 
1 W n B E R  OF HCRIZONTCL I'ESH POINTS 2 @  
a wuneEu OF U E ~ T I C ~ L  rc rn  POINTS t e  3 A a X I 3 U R  W A B E Q  OF PRESSJRE I fCRATlOHS 5 8 @  
4 PRESSURE C08*E3GEkCE CRI7ERION 1 .000E-9s  
S AAX N M B E R  OC STEIDY-ST lTE ITERATIOHS 4 6  
L STEPDY-STATE CWUERCENCE CRITERION 1 aB9aE-94 
U T E R  X f E 3  K'WBER TO CHaNSE, OR 
C TO PROCEED. 
C 
1 t c a r t I o n  I. t 71 PQESSUPE CVCLESI C O N ~ E ~ C E * C E  TEST I . Z ~ E E - ~ I  
tTERaTXOM 2, t 59 PRESSURE CVCLESI: C C f W E 1 G E X E  TEST @ . @ S I C - 1 1  
I T E R r T l O N  3, t S8 PRESSURE C V C L f S I ,  COfiUEPCE?rCE TEST L.LSSE-83 
~ T E Q f i T l O N  4, t 43 PAESSURI  CVCLESI.  t O N U E Q C E S C  :CSt Z.17CE-04 
XTERfiTION So t 8 W E S S U I E  CVCLCS). COhV€RCEh;E TEST L .133E-85  
LIC 4 . S Z O  CU S O L I D I F I C A T I O N  BODEL 1 9 3 1 2 8 1 0 3  dCD. JUN 0 4  1 9 8 )  
E X A R  8 . .  1 - D E F N J L t  A 1  - 4.5 P L T  CU C l S E  
t W C T t O *  TO PLOT 
I r t na i  t o c r t  ~ V ~ F R C E  COZPCSITION 
Z UELOCITV 
3 PRESSLJREI P-P@ 
4 PRESSLJEZ - JULZ MYDROSTATIC P 
L FR*CTfO% L I O U I O  
I AASS F L W  
7 SOLUTE FLOW 
1 U E R T I C A l  P R O F l L E J  
a wCRI tONT*L  P R C F I L E S  
3 U€CtCR F I E L D  
U T E R  I T E n  Y 1 t r B E R  O f  F U N C T I W  TO PLOT, OR 
P TO ?COCEED. 
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IlL 4 . 5 8 8 9  CU S O L I D f F I C a T I O N  RODEL 1 # P 1 2 1 ~ 0 3  UED, JUN 04 i s 8 0  
1 TERPERATVRE 
Z L I O U I D  CCPPOSITION 
3 L I Q U I D  DEhSITV < 
4 OOLUnE F R n C T I o N  L I O U I D  
5 PRESSLRE ( P - P O I  
I PRESSURE - kULf HVC2OSTlT IC P - - -  . .. -. i v ~ i o c i r +  
8 F I h n l  LOCAL flUERnCE COAWCSITION 
9 PRESSCPE EOL1ATICN CCEFFICIEhTS 
10 -LOCAL S O L I D I F I C ~ T I O N  RATE 
EMER ITEn WOER OF TMLE TO DISPLAY, OR 
P TO PROCEED. 
8 
AL 4 . 5 8 8 0  CU S O L I D I F I C 4 T I C N  ROCEL 1 B 8 1 2 8 1 8 3  UED,  JUH 84 lS8O 
X L  8 . 1  - DEFeULT RL - 4 . 5  P i 7  CU CnSE 
F I N A L  LOCAL IUERhCE C 0 4 V C 5 i T I O N  (YT P C 1 1  
: ~i:I(;INAT, PAGE IS 
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EXAMPLE 8.1.2 ZERO GRAVITY CASE 
A l l  parameters except the g r a v i t a t i o n a l  fo rce  a r e  the same as i n  example 
8.1.1. The procedure for  changing an input parameter i s  shown below. The 
r e s u l t i n g  f i n a l  composition p r o f i l e  and v e l o c i t y  f i e l d  a r e  shown on the 
fo l lowing  pages. 
hL 4.5@9@ CU SOLIDIFICATION RODEL 1 88138128 UED, JUn 84 l S O 9  
EXA.VLE 8.1.2 - ZERO CRPUITY CASE 
SOLIDIFICATION PROCESS P l R A t E T E R S  
1 rmSnY ZCNE YlDTn 
m'SHV ZOhf M E l C m  
3 COOLING RATE 
4 CRAUITATIOhAL FORCE 
EMER I T E ~  NUYBER TO CHANGE. OII 
C TO PROCEED. 
4 
ENTER CRAUITATIOFAL FORCE 
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EXAMPLE 8.1.3 T I N  - 15% LEAD CASE 
The a l l o y  s p e c i f i c a t i o n  procedure i s  shown below. The numerical  methods 
c o n t r o l  parameters have t h e  d e f a u l t  values shown i n  example 8.1.1. A l l  o t he r  
parameter values a re  shown on the p l o t s .  
ENTER A TO CHAW;€ ALLOV OR P TO PROCEED. 
a 
.... Ei4TER SOLVENT (UP TO 4 CHARf lCTERS) 
SN 
.... ENTER SOLUTE (UP TO 4 CHPRACTERS) 
P B 
ENTER U E I C H T  PERCENT 
15 
N L O V  DATA BASE - DATA BASE R E V I S E D  4/38/89 
SPL~QCC OF 1 v c a : a T  
PHASE C I A C R M  - 
C E N S I T I E S  - 
U I S C O S I T V  - 
ION FOR SN -PB e . e e a ~ - a 1  TO 3 . 8 i e c  91 ~ t .  PCT. PB 
IET~LS HANDBOOK. UOL a, nsn, 1973. m e .  
S.<OU, 3 . R . - C I Q I E R ,  N.C.FLEnIhGS. P a C C E E S i h C S  OF ThE E L E C T R I C  
FURBACE CC" .LREhCE.  I R O N  ARD S T E E L  S C C I E T V  OF A I r E . 1 9 7 7 .  
S.KOU. D . R . P O I f i l E I ,  n .C .FLERlhCS,  P R 3 C E F O l h C S  OF ThE E L i C T R I C  
FURhPCE CChFEREYCE. I R O N  (VID S T E E L  SOCIc f 0 '  RI I?E. l977.  
P M S E  D I A C R W  
TEWERATmC-COI ' IFOSIT ION SLOPE 
E O U I L I D P I U U  P b 2 T I T I C X  R A T I O  
EUTECTIC :O~POSITION 
E U T E C T I C  TEf iPESPTURE 
D E N S I T l E S  
C W 9 3 5 1 T I 0 k - C E N S l T Y  SLOPE 
S O L I D  D E N S l T V  
L f O C I D  E U l E C T l C  D E k S I T V  
S O L I D  E U T E C T I C  D E N S I N  
V I S 1 ' M l f v  
-7 .768E-$1  P C 1  SOLUTE / DEC C 
6 . 5 6 B E - B E  
3.818E 6 1  P C T  SOLUTE 
1 . 8 3 e E  @2 DEC C 
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E X M P L E  8.1.4 T I  N - 3% B I  SMUTi-i CASE 
The a l l o y  s p e c i f i c a t i o n  ?rocedure i s  shown below. The numer ica l  methods c o n t r o l  
parameters have t h e  de fau ! t  values shown i n  example 8.1.1. A l l  o t h e r  parameter 
values a re  shown on t h e  p l o t s .  
ALLOY 
UTER A TO CWMCE ~ L L O Y  OR P TO PPOCEED. 
A - 
.... E V E R  SOLVENT ('LIP TO 4 CHPRQCTERSI 
Sn ' 
.... ENTER SOLUTE (UP TO 4 CHWfitTERS) 
I I 
ENTER UEIGHT PEaCENi 
3 
AtLOV DATA BRSE - DATR BhSE REUISED 4/38/80 
SOURCE OF INFOii?ATIOh FOR SN -B! 0 . 0 3 2 E - 8 1  TO 6 .aaBE d l  LIT. PCT. BI - - 
K 6 5 E  D ~ P G R A R  - P&TRLS W Y ~ B C ) ~ ~ ,  VOL 8, ASR,-1973. 
3EN51T lES - D.R. PO'SIER (tlPFEWCIX A. ImL 11 PPS SOLrDKFICaTIGN 
R O C f L  FCR?JLLTIO@ k h D  R N h L Y S l S )  
D E h S i T I E S  - D.R. P O I R I E R  (RJFEYDIX A. VOL 11 PPS S O L I D I f I C A T I O N  
.WCEL FOli?dLR'ION AhD RYALYSIS)  
PHASE LII~:,?F~ 
T E R ? E R ' ~ f U P E - C O F P O S I T I O ~  SLOPE 
E O U I L I B R I U n  F R f i T l i I O N  R A T I O  
EUTECYIC C~~.POSITION 
EUTECTIC T E E F E E A X R E  
D Z h S I T I E S  
C C n P C S I T I O N - t E h S I T Y  SLOPE 
SOLID DEhSITV 
L I O V I D  EUTECTIC DENSITY 
SOLID EUTECTIC XI 5 I T Y  
U I S C O S I N  
U T E 2  P TO P R X E E D  
-6 .382E-a1  PCT SOLUTE / DEC C 
3.233E-01 
6.eee~ e l  PCT SOLUTE 
1.3BaE 82 D€C C 
SM
 
3
.
 BI
 
I
O
L
I
D
~
F
X
C
~
~
X
O
~
 
HO
DE
: 
1 
eo
:e
a~
ze
 
M
D
, J
W
 0
4 
IO
U 
L
X
M
P
L
E
 1
.1
.4
 
-
 
T
I
N 
-
 
3 
rC
T 
B
IS
RU
TH
 C
M
E 
1 
I 
1 
I 
I I 
1.
88
0 
i .
fee
 
a.
 be
e 
n.
Ce
e 
I 
I 
I 
3.
8W
 
3 
58
8 
4.
80
8 
4.
6W
 
5
.W
 
FZ
M
flL
 
LO
C4
L 
AU
ER
*G
€ 
EO
II
WS
IT
XO
N 
(U
T 
PC
T 
SO
Ul
tE
 r 

8.2 BATCH MODE 
The batch mode input i s  i n  the form of a card deck o r  a d isk f i l e  i n  card 
image format, and the output i s  l i m i t e d  t o  a p r i n t e d  l i s t i n g .  The card 
deck fo r  running the batch equivalent  o f  example 8.1.1 i s  shown below. 
The output generated by running the model w i t h  t h i s  input deck i s  i n  
subsection 8.2.2.  
8.2.1 Input Deck, Aluminum - 4.5% Copper Case 
A l l  en t r i es  begin i n  column 1. 
antcn 
EXarzPLE 8.2  - BnTcu PLUnIwn - 4.5 PC7 CCPPER CISE 
4L 
CU 
4,s 
5. 
10. 
.3P6 
8 . 2 . 2  Pr in ted  Output 
RODEL I 
r UNIDIRECTIOIYQL SOLID~FICATION OF n B r n n R v  n u o v  
I STEaDV STATE SOLUTION 
1 PLAnPP 1SO;nERrS. R E C T W S J V I S  NUSHY ZO(rC 
#L 4.5890  CU S0LID:F ICQTION ,'IOCEL 1 b 9 1 1 9 1 3 B  N D ,  JUN 94 1 9 8 9  
E X & P L E  8.2 - BATCH I ILkJRIPL3 - 4.5 K T  C C ? i E a  CASE 
1 
ALLOY M T i  BASE - DATR BASE REWISE3 4 / 3 8 / 8 0  
SOURCE OF IMORMTICN FOR fit -CU o . e e e ~ - e l  TO 3 . 3 a e ~  e l  UT. P C ~ .  cu 
P H U E  D I a G R A n  - R.C. F L E 3 I N C S  AIiD C. NEREO. MET TRQrtS, UOL 239,  1967, P 1449 .  
D E N S I T I E S  - R. REHRABIAN, R. CEAYE AhD R . C .  FLEnI?tCS, TKAXS T3S-AInE,  
VOL 1, 1978,  P 1 2 8 9 .  
V I X O S I T V  - R. REH2ABiAN, n. K E R G  AND I1.C. FLE?!YCS, TRAXS 7%-AIRE, 
UOL 1. 1E78. P 1299 .  
PMSE D I a c R a n  
TEIEERRTURE-COX?CSITlON SLCPE 
ECl~ILIBRIUll  P R R T I T I O N  R A T I O  
E u i t I i ~ c ~ c c ~ ~ c s x i ~ o n  
EUTECTIC TERPE94TUQE 
DENSIT  I E S  
COWOSlT lOr ( -DENSITY SLOPE 
S O L i D  DENSITV 
i i ~ i ~ ~ i u i ~ c l ~ c  DENSITV 
S O L I D  EUTECTIC DENSITV 
- t .88?€-81 P C 1  SOLUTE . DEC C 
1 . 7 2 8 E - a 1  
3 . 3 e a ~  e l  PCT SOLUTE 
5 . 4 8 3 E  O2 DEG C 
2 . 6 7 0 E - d 2  I C W C 3 r l 3 )  r PCT SOLUTE 
2 . 6 2 9 ~  ee ~ n / c n x r 3  
3 . t t a ~  ee c n / c ~ t a 3  
UISCOSITV 3 . e a * ~ - ~  CH/(CJXSEC) 
1 
AL 4 . 5 8 e 8  cu SOLI3 :F ICAT lON ilODEL 1 8 9 1 1 9 1 3 8  M D ,  JUN a 4  1 9 8 9  
EXACFLE 8 .2  - BATCH f l L C C I N b n  - 4.5 P C 1  COFPER ChSE 
c a s E  INPUT 
S O L I D I F I C f i T I O N  PqCCESS P b G W E r E R 5  
1 niJSHV ZOhE U I D T Y  
2 nU5hV ZO%E NEiCHT 
3 C 0 0 1 I Y C  RATE 
4 csnu I ra t l cmL FORCE 
Z e 
t e  
s e a  
L . e e a ~ - B S  
4 e 
I . a c c ? ~ - a 4  
4 
 h his sec t ion  consists o f  tables  o f  T, C L' pL, gL,  p-po, and v i n  a  format 
i d e n t i c a l  t o  the t a b u l a r  output from an i n t e r a c t i v e  mode case.)  
fit 4.56Q8 CU S O L I D I F I C ~ t I 3 ~  nC3EL 1 b9119138 UED.  JuN 6 4  :988 
EXAnPLE 8.2 - BATCH QLL3ihUN - 4.5 PC1 COPPER CASE 
CIWL LOCAL f%EaaC.E C O P P 3 5 I T I C N  (UT PC11  
